A feeding study using rats was conducted to evaluate the utility of lablab bean husk and soya bean husk as sources of potential prebiotic fibre. Twenty 5-week-old Sprague Dawley rats were divided into 4 groups and fed one of the following diets for 3 weeks: purified diet (AIN93 G) containing 5% cellulose (CEL), or the same diet in which cellulose was replaced by corn starch (STA), lablab bean husk (LBH), or soya bean husk (SBH). Rats were sacrificed at 8 weeks of age and caecal digesta were collected. Feed intake, body weight, anatomical parameters, and caecal ammonia level did not differ significantly among diets. Rats on LBH and SBH showed higher concentrations of caecal short-chain fatty acid and lactate than those on CEL. Rats on CEL, SBH, and LBH exhibited lower caecal indole and skatole levels. LBH yielded increased caecal abundance of Akkermansia muciniphila and Oscillibacter relatives, as demonstrated by either qPCR, MiSeq, or clone library analysis. SBH favoured the growth of lactobacilli as assessed by both qPCR and MiSeq, and favoured the growth of bifidobacteria as assessed by MiSeq. In comparison with STA, LBH and SBH yielded lower caecal abundance of bacteria related to Dorea massiliensis, as demonstrated by qPCR, MiSeq, and clone library analysis. Both types of bean husk were found to contain oligosaccharides that might selectively stimulate the growth of beneficial bacteria. Based on these results, the two species of bean husk tested are considered potentially functional for promoting the gut health of monogastric animals.
Introduction
Bean husk is an agricultural waste that is generated from the processing of beans for human consumption. The husk represents approximately 7-8% of the bean (Gnanasambandam and Proctor, 1999; Htay et al., 2014) that is not available as human food, but this byproduct is underutilised as a food ingredient for animals. However, bean husk is rich in easily digestible fibre that can boost the growth of fibre-degrading bacteria in the gastrointestinal (GI) tract of herbivorous livestock animals such as ruminants; bean husk is also used as a supplemental food ingredient, an application that takes advantage of the material's nutritional properties (Fuma et al., 2012; Ngwe et al., 2012) . Therefore, bean husk has gained attention as a new possible source of functional fibre for other animals, in particular monogastrics.
Lablab bean (Dolichos lablab), commonly referred to as hyacinth bean or field bean, is a major pulse crop in South and South East Asia. Feeding with lablab bean husk has been shown to lead to the alteration of rumen flora and activity by selective stimulation of specific fibrolytic bacteria (Fuma et al., 2012) , and to facilitate increased fibre digestibility in sheep (Ngwe et al., 2012) . These results suggest that this material can be used as an easily digestible supplemental fibre for ruminant animals. Lablab bean husk contains cellulose and hemicellulose (Fuma et al., 2012) , as well as pectic polysaccharides that incorporate arabinogalactan as a major sugar, including arabinose and rhamnose (Muralikrishna and Tharanathan, 1994) . Therefore, lablab bean husk is worthy of evaluation for its possible use as a feed ingredient not only for ruminants, but also for monogastric animals.
Soya bean (Glycine max) husk is widely used as a ruminant feed and has been proposed for use as a feed for lactating dairy cows (Ipharraguerre and Clark, 2003) . Soya bean husk contains complex carbohydrates including pectin, hemicellulose, and cellulose (Karr-Lilienthal et al., 2005; Monsoor, 2005; Mullin and Xu, 2001 ). Specifically, the major cell wall polysaccharide in soya bean husk is galactomannan, which is composed of galactose, mannose, arabinose, and glucose (Hussein et al., 1998) . Soya bean husk also has been proposed for use as an energy feed for ruminants (Ipharraguerre and Clark, 2003) based on the observation that this material modifies rumen fermentation by permitting increases in the cellulolytic microbial population in dairy cows (Belanche et al., 2012) , a property also reported for lablab bean husk (Fuma et al., 2012; Ngwe et al., 2012) . Soya bean husk was suggested for use as an ingredient in dog food that would not negatively affect nutrient digestion (Cole et al., 1999) ; previous work has shown that consumption of soya bean husk yields a decrease in the level of harmful faecal fermentation products, including sulphide and indole, along with an increase in short-chain fatty acids (SCFAs) with a concomitant reduction of faecal pH (Simpson et al., 2002) . Soya bean husk feeding in pigs decreases faecal pH and ammonia emission without negatively affecting growth performance (Wang et al., 2009) ; the non-starch polysaccharide in soya bean husk is believed to promote the activity of lactobacilli and bifidobacteria that utilise ammonia. Recently, soya bean husk fed to piglets has been reported to improve intestinal anatomical morphology and microbial community due to decreased proliferation of Escherichia coli (Pascoal et al., 2015) .
Bean husk is considered an efficient source of soluble and insoluble dietary fibre that could be utilised as a feed supplement for the improvement of GI health of monogastric animals. Dietary fibres, which include nonstarch polysaccharides (cellulose, hemicelluloses, pectin, gums, and lignin) and oligosaccharides, possess water-and oil-retaining capacity, bulk, and swelling power, leading to physiologically favourable effects. These effects can include decreases in blood cholesterol and glucose levels, and maintenance of GI health (Tungland and Meyer, 2002) . Dietary fibre resists digestion in the small intestine; upon delivery to the large intestine, this fibre is believed to contribute to the modulation of the GI microbiota by selectively stimulating the growth and/or activity of specific bacteria that can improve host health (Gibson and Roberfroid, 1995) . Therefore, supplementation of animal diets with bean husk that contains such beneficial fibre is expected to stimulate the generation of favourable fermentation products in the GI tract through microbial modulation. Such intestinal microbiota-mediated functionality of bean husk in monogastric animals is still under investigation. The objective of the present study was to evaluate the utility of lablab bean husk and soya bean husk in caecal fermentation and microbial community regulation in rats; these results are expected to provide insights into the future development of functional foods for monogastric animals.
Materials and methods

Animals and diets
This feeding experiment was conducted using twenty male Sprague Dawley rats (Japan SLC, Inc., Hamamatsu, Japan), aged 5 weeks. Rats were housed individually in plastic cages in an environmentally controlled room maintained at 23 °C with a 12 h/12 h light-dark cycle (lights on from 12:00-24:00) and 55-60% relative humidity. Rats were divided into four groups (n=5 per group) with an average body weight of 159.1±5.1 g. Diet and water were provided ad libitum. One group was given a purified diet (AIN 93G; CLEA Japan, Inc., Tokyo. Japan) that contains 5% cellulose powder as a fibre source. This feed (designated CEL) was used as the control diet. The other three groups were given the same purified diet in which the 5% cellulose was replaced by either corn starch (STA), lablab bean husk (LBH), or soya bean husk (SBH). STA did not contain any fibre source and was regarded as a negative control. Corn starch was purchased from Wako (Osaka, Japan). Lablab bean husk was kindly provided by Professor Tin Ngwe (University of Veterinary Science, Yezin, Myanmar), and was obtained from a local pulse processing plant (Yezin, Nay Pyi Taw, Myanmar) where the beans had been soaked in water and de-hulled by hand. Soya bean husk (Japanese product) was obtained through ZEN-NOH (Tokyo, Japan). All of the rats were measured for body weight weekly and for feed intake daily; the feed conversion ratios were calculated from these data. After 3 weeks, rats were euthanised with xylanzine HCl. At necropsy, GI segments (oesophagus, stomach, small intestine, caecum, and colon) and their contents were harvested and weighed. Caecal digesta was sampled and stored at -80 °C for the analysis of fermentation products and microbiota. Blood was sampled from the heart by syringe, centrifuged to obtain plasma, and frozen as above. The animal experiment was carried out in compliance with the Guidelines for Animal Experiments, Hokkaido University (2007) and the Act on Welfare and Management of Animal (2005) .
Chemical analyses of bean husks
The chemical composition of both types of bean husk was analysed in triplicate, including testing for dry matter, crude protein, crude fat, and crude ash using the Association of Official Analytic Chemists methods (AOAC, 1990) . Neutral detergent fibre (NDF) and acid detergent fibre (ADF) were determined using a fibre analyser (A200, ANKOM, Fairport, NY). Heat stable amylase was used in the NDF determination; the resulting values are inclusive of residual ${protocol}://www.wageningenacademic.com/doi/pdf/10.3920/BM2017.0174 -Monday, January 21, 2019 7:11:38 PM -IP Address: 133.50.192.123 ash. Analysis of acid detergent lignin was also performed (Goering and Van Soest, 1975) . For sugar analysis, the soluble fraction of the bean husk was obtained by water extraction (100 g husk per litre water for 24 h). The resulting extract was freeze-dried; a 500-mg aliquot was dissolved in 1.2 ml of water and the sugar composition was analysed by thin-layer chromatography (TLC) using a silica gel 60 F 254 plate (Merck, Darmstadt, Germany). The TLC developing solvent consisted of isopropanol/1-butanol/water (12:3:4, v/v/v). Maltooligosaccharide mixture (2% w/v) was used as a standard. Sugars were visualised by spraying the TLC plate with anisaldehyde-sulfuric acid reagent (1% anisaldehyde and 2% sulfuric acid in acetic acid) followed by heating of the plate. To purify the oligosaccharides included in the water extract, the extract was separated by gel-filtration column chromatography using a Bio-gel P-2 Extra Fine column (Bio-Rad, Hercules, CA, USA); 1.5 cm i.d. 100 cm). Water was used as mobile phase with a flow rate of 3 ml/h. 100 fractions (4 ml per tube) were collected, and sugar concentrations were measured by the phenol-sulfuric acid method (Dubois et al., 1956 ) using glucose as a standard. Fractions containing oligosaccharides, including fractions S1, S2, S3, L1, L2, and L3 (see Results), were used for further analyses. Molecular masses of the purified oligosaccharides were analysed by electrospray ionisation mass spectrometry (ESI-MS) using an Exactive mass spectrometer (Thermo Fisher Scientific, Waltham, MA, USA). Structural characterisation of fractions L1 and L2 was performed by dissolving the samples in D 2 O and obtaining 13 C-NMR spectra using a Bruker AMX500 NMR spectrometer (Bruker, Billercia, MA, USA).
Measurement of blood parameters and caecal fermentation products
Blood plasma was analysed for glucose and total cholesterol by using commercially available kits (Wako). Caecal digesta (1 g) was suspended in saline (5 ml) and vortexed, and the mixture was then centrifuged (4 °C, 7,800×g, 5 min). The resulting supernatant was used to measure pH by electrode (F-51, Horiba, Kyoto, Japan), and also subjected to the analysis of SCFA, lactate, succinate, ammonia, indole, and skatole concentrations. SCFA was determined by gas chromatography (GC-14B; Shimadzu, Kyoto, Japan) equipped with 0.53 mm ×30 m capillary column (ULBON HR-20M; Shimadzu) as previously reported (Suto, 1973) . D-lactate, L-lactate, and succinate were measured by D/L Lactic Acid Assay Kits and Succinic Acid Assay Kits (Megazyme, Bray, Ireland) according to manufacturer's instructions for the respective kits. Ammonia nitrogen (NH 3 -N) was measured by the phenol-hypochloride reaction method (Weatherburn, 1967 ) using a microplate reader (ARVO MX; Perkin Elmer, Waltham, MA, USA) at 660 nm. Assays for indole and skatole were carried out by colorimetric methods (Walstra et al., 1999) .
Microbiota analysis by qPCR
Bacterial DNA from each caecal sample was extracted using the repeated bead beating plus column method (Yu and Morrison, 2004 ) with a QIAamp DNA Stool Mini Kit (Qiagen, Hilden, Germany). Purified DNA was diluted appropriately before further analysis (for qPCR and 16S rDNA clone library). Bacterial communities were quantitatively characterised by real-time PCR assays with species/group-specific primers for the representative groups, including total bacteria, total lactobacilli, different Lactobacillus species (Lactobacillus acidophilus, Lactobacillus gasseri, Lactobacillus johnsonii, Lactobacillus reuteri), total bifidobacteria, Faecalibacterium prausnitzii, Eubacterium hallii, Clostridium coccoidesEubacterium rectale group, Bacteroides-PrevotellaPorphyromonas group (Rinttila et al., 2004) , E. coli, and Clostridium perfringens, using a LightCycler 480 realtime PCR system (Roche Applied Science, Mannheim, Germany), as previously reported (Myint et al., 2017) . Primers for OTU 4, OTU 5, OTU 6, and OTU 10 (detected in the 16S rDNA library; see Results) were newly designed. The sequences of the primers (5'-3') for these assays were F: ACGCGAAGAACCTTACCTGA and R: GCACGTGTGTAGCCCTGG for OTU 4 (Dorea massiliensis), F: ACGTGACGGTACCTGGA and R: GGGACACAGTTTTGAGAG for OTU 5 (Oscillibacter relatives), F: GGACTCGCGTCCGATTAGT and R: ACTGGTGTTCCTCCCCATC for OTU 6 (Ruminococcus bromii), and F: CAGCACGTGAAGGTGGGGAC and R: CCTTGCGGTTGGCTTCAGAT for OTU 10 (Akkermansia muciniphila). Primer specificity, quantification range, and other validation reactions were performed as described by Koike et al. (2007) . Results from samples were averaged among the animals in each dietary group and reported as a log value (gene copy number per g digesta) for total bacteria and also as a relative abundance (%) of each species or group in total bacteria.
Microbiota analysis by 16S rDNA clone library
Bacterial DNA from each caecal digesta was amplified by PCR with the primers 27F (AGAGTTTGATCATGGCTCAGA) and 1525R (AAGGAGGTGWTCCARCC). The reaction mixture for library construction consisted of 2.5 µl of 10 Ex-Taq buffer, 2.0 µl of 2 mM dNTP, 0.5 µl of each primer, 18.375 µl of water, 0.125 µl of Takara Ex-Taq polymerase, and 1.0 µl of template DNA (10 ng/µl). PCR conditions were as follows: initial denaturation at 94 °C for 0.5 min, annealing at 58 °C for 0.5 min, and extension at 72 °C for 1.5 min. Final extension was performed at 72 °C for 7 min. The PCR product was purified by a QIAquick Gel Extraction Kit (Qiagen) after performing agarose gel electrophoresis, then ligated with pGEM-T Easy Vector (Promega, Madison, WI, USA) and transformed into E. coli JM109 (Nippon Gene, Tokyo, Japan). White colonies ${protocol}://www.wageningenacademic.com/doi/pdf/10.3920/BM2017.0174 -Monday, January 21, 2019 7:11:38 PM -IP Address: 133.50.192.123 that developed on ampicillin-and Xgal-containing LuriaBertani plates were employed for plasmid isolation using a QIAprep Spin Miniprep Kit (Qiagen); the purified plasmid DNA was subjected to sequence analysis (TAKARA, Shiga, Japan). Sequence classification was conducted using Mothur ver. 1.29 software (Schloss et al., 2009) . After removal of the chimeric sequences, sequences sharing ≥97% identity were grouped into operational taxonomic units (OTUs). The nucleotide sequences were compared with known sequences in the GenBank database using BLASTn (http:// blast.ncbi.nlm.nih.gov/Blast.cgi) to obtain similarity values. The Clustal X program (http://www.clustal.org) for multiple sequence alignment and phylogenetic analysis was used. A neighbour-joining tree with a Kimura-2 correction was created (Collins et al., 1994) . The sequences obtained were deposited in the DDBJ nucleotide sequence database under the accession numbers AB969309 through AB969665.
Microbiota analysis by MiSeq
For the comprehensive analysis of microbial communities, MiSeq analysis was performed. Hypervariable V3-V4 regions of 16S rDNA were amplified by using the universal bacterial primer set (Herlemann et al., 2011) , consisting of S-D-Bact-0341-b-S-17 (CCTACGGGNGGCWGCAG) and S-D-Bact-0785-a-A-21 (GACTACHVGGGTATCTAATCC), where N stands for A, C, G or T, W for A or T, H for A, T or C, and V for A, C or G. The PCR reaction mixture (50 µl) contained 10 µl of 5´ PrimeSTAR buffer, 4.0 µl of dNTP, 1.0 µl of each primer, 32.5 µl of water, 0.5 µl of PrimeSTAR polymerase TAKARA), and 1.0 µl of template DNA as used for clone library analysis. PCR reaction conditions (30 cycles) were as follows: denaturation at 98 °C for 10 s, annealing at 55 °C for 15 s, and extension at 72 °C for 30 s. Following amplification, DNA was purified using a High Pure PCR Product Purification Kit (Roche) and sequenced (Illumina Miseq 2000, San Diego, CA, USA). Raw Illumina fastq files were demultiplexed, qualitatively checked, and analysed by Quantitative Insights into Microbial Ecology (QIIME v1.9.0) as described previously (Caporaso et al., 2010) .
Statistical analysis
All data were analysed by a one-way analysis of variance (ANOVA). Tukey's procedure for multiple comparison was used to resolve differences among treatment means by using SPSS 16.0 software (SPSS, Chicago, IL, USA). Differences were considered to be significant if P<0.05 and trend if P<0.10.
Results
Nutritional composition of bean husk
Chemical composition of the two different types of bean husk tested is shown in Table 1 . Insoluble dietary fibre, represented by cellulose and hemicellulose, predominated in both types of bean husk. Non-fibrous carbohydrates, consisting of soluble components such as starch, soluble sugars, and soluble fibres, accounted for 23.6% in lablab bean husk and 24.0% in soya bean husk. TLC analysis indicated the presence of three different oligosaccharides in each type of husk (denoted as L1, L2, and L3 for lablab bean husk, and S1, S2 and S3 for soya bean husk, with respective degrees of polymerisation as shown in Figure 1) . After purification by gel-filtration, the molecular mass of the individual oligosaccharides in sodiated form, determined by ESI-MS, were estimated as follows: L1 and S1 had the same mass of 504 Da, while L2 and S2 shared the same mass of 666 Da. L3 and S3, whose molecular mass was estimated as 794 Da, could not be further analysed, presumably due to complexity of their structure. The 13 C-NMR spectra of L1 and L2 coincided exactly with those of authentic raffinose and stachyose, respectively. Therefore, L1 and L2 were identified as raffinose and stachyose, respectively. Lablab bean husk was found to contain 0.24% oligosaccharides, in which raffinose (0.04%), stachyose (0.12%), and unknown oligosaccharides (0.1%) were constituents. In the same manner, soya bean husk was found to contain 0.26% oligosaccharides, in which raffinose (0.03%), stachyose (0.2%), and unknown oligosaccharides (0.03%) were constituents. 
Growth and caecal characteristics of rats
Growth performance and caecal fermentation profiles are summarised in Table 2 . For animals maintained for 3 weeks on the diets, no significant difference was found among the groups for feed intake, body weight gain, feed conversion ratio (all in Table 2 ), or weights of GI segments, contents, and internal organs (data not shown). Rats fed LBH and SBH showed lower (P<0.05) caecal pH than those fed CEL and STA. The total SCFA concentration in the caecum (P<0.05) was elevated in both the LBH and SBH groups compared to those in the CEL and STA groups. Similarly, the caecal acetate concentration was higher (P<0.05) in LBH and SBH than in CEL and STA. The butyrate concentration in SBH was higher (P<0.05) than that in CEL and STA, but did not differ from that in LBH; butyrate in LBH was higher (P<0.05) than that in STA but did not differ from that in CEL. Total lactate concentration was higher in SBH and STA than in CEL, an effect that was largely due to the higher concentration (P<0.05) of L-lactate. Succinate concentration in SBH was the highest among the groups and significantly higher (P<0.05) than those in CEL and STA, but did not differ from that in LBH. Ammonia concentration did not differ among the groups. Rats fed STA showed the highest concentration of indole and skatole among the groups. For indole, LBH-fed rats exhibited the lowest levels, followed by CEL and then SBH. However the SBH effect on indole did not achieve significance. Skatole concentrations were lowest in rats fed LBH followed by CEL and SBH, and all of these were lower (P<0.05) than STA.
Microbiota
A phylogenetic tree of clones derived from the bacterial 16S rDNA clone library analysis is shown in Figure 2 . 
Discussion and conclusions
The addition of 5% bean husk to the diet of rats had no significant effect on feed intake, body weight, feed conversion ratio, or anatomical data, including the weights of GI tract segments and contents. Blood parameters such as glucose and cholesterol were within normal ranges and not different among the groups maintained on distinct diets (data not shown). Therefore, either of two different types of bean husk is proposed for use as a feed ingredient for monogastric animals; supplementation of rat feed with 5% bean husk did not exhibit detrimental effects on growth performance or general health status.
Although the husk of different beans contains similar amount of dietary fibre, their functions may be inherently different in the caecum of rats, due to possible difference of physicochemical characteristics of components of dietary fibre between two types of bean husk. Those could be type of pectin, amylose to amylopectin ratio and others. In the meantime, the presence of potent negative growth factor in tested bean husk is also to be clarified in further evaluations. Another important factor is oligosaccharide in the tested bean husk. Separation of soluble sugars revealed the presence of oligosaccharides, including raffinose, stachyose, and others, in the two tested species of bean husk. In comparison with lablab bean husk, soya bean husk contained higher level of stachyose, which is a nonreducing tetrasaccharide composed of two galactoses, one glucose, and one fructose. Lablab bean husk feeding yielded distinct effects in the caecum such as increases of SCFAs, especially acetate; soya bean husk feeding yielded similar effects but with a distinguishing feature of increased lactate. The increases of these beneficial organic acids with both types of bean husk were probably the main reason for the decrease of pH, reflecting fermentation of bean husk fibre in the caecum. The increase in the concentration of acetate by lablab bean husk feeding might correspond to the increase in the proportion of acetate-producing bacteria, particularly Akkermansia, that was detected by the MiSeq, clone library, and qPCR analyses; a similar effect on bifidobacteria was supported only by the MiSeq data. Previous studies in obese mice have suggested that dietary fibres such as oligofructose favour the growth of 1 CEL (control) = AIN 93G purified diet containing 5% cellulose; STA = negative control diet in which cellulose was replaced by corn starch; LBH = treatment diet in which cellulose was replaced by lablab bean husk; SBH = treatment diet in which cellulose was replaced by soya bean husk; SCFA = short chain fatty acids.
2 Mean values within a row with superscript letters were significantly different (P<0.05).
${protocol}://www.wageningenacademic.com/doi/pdf/10.3920/BM2017. 0174 -Monday, January 21, 2019 7:11:38 PM -IP Address:133.50.192.123 Akkermansia in the caecum (Everard et al., 2011 (Everard et al., , 2013 . The abundance of Akkermansia inversely correlates with body weight and type 1 diabetes in mice and humans (Everard et al., 2013; Santacruz et al., 2010) . Therefore, increased abundance of Akkermansia by lablab bean husk feeding is expected to yield a beneficial health impact in animals. On et al., 2012) . α-Galactooligosaccharide is presumably further utilised by other acetate and lactate producers such as bifidobacteria, as detected by the MiSeq analyses in the present study. Lactobacilli and bifidobacteria are well known for their probiotic activities, increasing in abundance in rats upon supplementation of feed with raffinose oligosaccharides (Dinoto et al., 2006) and pectic arabinogalactan (Daguet et al., 2006) . Lablab bean husk feeding was also distinguished from soya bean husk feeding by its stimulatory effect on bacteria belonging to OTU 5, a member of clostridial cluster IV and the closest relative to Oscillibacter valerigienes. Relatives of Oscillibacter were found to increase in animals fed diets rich in fermentable polysaccharides such as resistant starch (Walker et al., 2011) . Another distinct phenomenon in soya bean husk feeding was the increased caecal level of succinate, a precursor of propionate; this succinate may have been produced by Prevotella, a genus whose abundance increased from 0 to 0.01% on feeding with husk-supplemented diets. Therefore, in the present study, the raffinose-family oligosaccharides and/or possibly pectin contained in both types of bean husk are hypothesised to be a main cause for the observed lactogenic and bifidogenic effects, and for the increased abundance of other beneficial bacteria.
Interestingly, bacteria related to Dorea spp. (a constituent of clostridial cluster XIVa), regarded as a potentially harmful group, were not found (as assessed by the clone library) in rats fed either type of bean husk. Lower values of this group for both LBH and SBH than for STA in the qPCR assay and in the MiSeq analysis, may suggest functional improvement of the GI health of the host. Hooda et al. (2012) reported that the faecal population of Dorea is decreased in healthy men consuming soluble polysaccharides. If the same situation applies in the present study, the presence of pectic polysaccharide in both of bean husk appears to have indirectly inhibited the growth of Dorea spp. in the caecum of rats. Increased abundance of the members of clostridial cluster XIVa, including Dorea spp., has been observed in patients with irritable bowel syndrome (Rajilic-Stojanovic et al., 2011) . Thus, our finding indicated that having a diet without any fibre (for example starch) can create health problems and may be a risk factor for intestinal health. Bacterial coverage in our clone library was not sufficiently wide in the present study, given the small number of sequence reads (503 in total). However, the sequences that were obtained showed changes in the clone libraries associated with the various feeding regimens; these differences were useful for focusing attention on specific groups of bacteria (Akkermansia, Dorea, etc.), thereby suggesting the development of primers for quantification of those groups. In fact, qPCR assay values for these groups corresponded well with the detection frequency of those groups in the MiSeq data.
In the present study, it is possible that there was a reduced population of opportunistic and pathogenic bacteria in the low-pH condition of the caecum, such that production of harmful fermentation products remained low as a result of the enhanced growth of beneficial bacteria such as lactobacilli and bifidobacteria. In particular, the lowered indole and skatole in the caecum of rats fed either type of bean husk might be due to fibres that regulate bacterial nitrogen metabolism (Xu et al., 2002) . Additionally, the insoluble fibres are expected to adsorb these bacterial putrefactive compounds, facilitating the excretion of those products. Similar findings were obtained in a previous report , indicating that fermentable fibres (including oligosaccharides and polysaccharides) suppress the accumulation of the bacterial putrefactive compounds that are responsible for the malodour of flatus and faeces. Therefore, we hypothesise that the formation of indole and skatole in the caecum were suppressed primarily by the presence of dietary fibres in the bean husk, which provide physical features such as increased adsorption ability, acceleration of excretion, and other functional activities.
In conclusion, supplementation with bean husk promoted caecal fermentation in rats, as indicated by higher concentrations of SCFAs and lactate, and decreased accumulation of bacterial putrefactive compounds. Two types of husk were tested; both exhibited remarkable selectivity against gut bacteria. Similar bifidogenic effects and suppressive effects on Dorea spp. were found with both lablab and soya bean husks. With respect to specific effects on rat caecal microbiota, lablab bean husk stimulated the growth of A. muciniphila and Oscillibacter-related bacteria, while soya bean husk stimulated the growth of members of the Lactobacillus group, including L. acidophilus and L. reuteri. Both types of bean husk were shown to contain oligosaccharides that might enrich for these beneficial bacteria, thereby inhibiting the colonisation of the intestinal tract by potential pathogens. Therefore, either of the tested bean husk types is expected to serve as a promoter of hindgut health and could find use as a potentially functional feed ingredient for monogastric animals. For future applications, it would be advantageous to analyse the rest of the oligosaccharides in both types of bean husk, even though the variability of them is probably not so complex.
